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ABSTRACT: Loving care is paid to the comprcs- 
sors, conaensers, and computer programs r ; f  
refr igeral ion systems. When problems arise, 
operator: r u n  around in  circles wi th expensive 
I1fixes", b u t  historical ly ignore the poor orphan, 
the coo l~ng tower perched on the roof  o r  located 
somewhere i n  the backyard. When the cooling 
water i s  too hot, h igh temperature cut-outs occur 
and more energy must be provided to t l ie motors 
to  maintain the refr igeration cycle. 
Coolinq Towers: 
1 )  . . . are just  as important a l ink  i n  the 
chain as the other equipment, 
2 )  ... are an important source o f  energy 
conservation, 
3 )  ... can be b ig  money makers, and 
4 )  .. . operators should be aware o f  the 
potential o f  maximizing cold watcr. 
Most towers designed over 20 years ago were 
ineff iciently engineered due to cheap power and 
the "low bidder"  syndrome. Operating energy 
costs were ignored and purchasing cr i ter ia was to 
award the contract to the lowest b idder.  
Th is  paper investigates internal  elements o f  
typical towers, delineates their  functions and 
shows how to upgrade them i n  the real world for 
energy savings and prof i tabi l i ty  o f  operation. 
HISTORICAL NEGLECT 
From tl ie very  beginning, coolirlg towers 
were ignored. Figure 1 is  an i l lustrat ion from 
the ASHRAE Basic Fundamentals Refrigeration 
Manual (1 )  that  delineates the refr igerat ion cycle 
consisting o f  compression, evaporation, expan- 
sion, and condensing. The discussion continues 
on and explains that  heat is no t  generated o r  
destroved. i t  i s  ius t  moved from one location to  
~ - ~ - ,  . 
another. What isS ignored though, i s  "How i s  that  
waste heat dissipated?" As we know, it is  p icked 
u p  by the c i rculat ing water and brought to  the 
cooling tower where- It is discharged into the 
atmosphere. 
While the cooling tower seems l i ke  a simple 
mechanism, i t  is just as important to the re f r ig -  
eration cycle as any o f  the other units. I f  the 
cooling tower does not  function proper ly,  h igh  
head temperatures require that additional electric- 
i t y  be pumped into the system to make i t  operate 
arfd a t  a cr i t ical  point, the equipment wil l  shut  
the system down i f  the cooling tower cannot 
produce suff icient cold water for the equipment. 
REFRIGERATION ECONOhllCS 
A cost-effective approach to  the solution o f  
conserving energy (and therefore, money) would 
be to reduce the power input  to your  system 
while maintaining maximum efficiency. The power 
i s  either purchased from a publ ic  u t i l i t y  i n  the 
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Figure 1 : Equipment diagram for basic vapor 
compression cycle. 
form o f  e lec t r~c i t y  o r  steam, or  i s  generated b y  
the faci l i ty b y  p ~ ~ r c h a s i n y  fuel o i l  for a diesel 
engine to power the system. 
The following basic pr incip les explain how 
colder water from the cooling tower conserves 
energy to create a cost-effective rapid dollar 
r e t u r n  fo r  cooling tower upgrading expenditures. 
Whether it be heat rejection from compres- 
sors, electr ic motor, o r  chemical process equip- 
ment, the cost o f  "hot ter"  cooling water is expen- 
sive i n  requ i r ing  additional energy to r u n  the 
equipment a t  eff icient levels to reduce head 
pressures and temperatures. Excessive heat wil l  
create maintenance problems, deteriorate the 
equipment, and cause shut  downs o f  the process. 
A typical example o f  th is is where a 
re f r igerant  is cooled (condensed) i n  the conden- 
ser and i n  t u r n  cools llchilledl' water to  reduce 
the temperature o f  the c i rculat ing a i r  throughout 
the faci l i ty to maintain comfortable conditions. 
I npu t  (e lectr ic i ty  o r  steam) and output  ( tons o f  
refr igerat ion) depend upon the speed (rpm) of 
the compressors and re f r igerant  temperature 
(condenser temperature). A t  any  part icular  
-speed. bo th  the power requirements and capac- 
i t ies o f  the refr igerat ion machine wi l l  va ry  signif i-  
cantly w i th  the re f r igerant  pressure and tempera- 
ture. These re f r igerant  conditions are de- 
termined b y  the cooling i n  the re f r igerant  con- 
denser. The quant i ty  and temperature of the 
condenser water (tower water) determines the 
available cooling. When operating a t  f u l l  conden- 
ser water flow a reduction i n  condenser water 
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temperature w i l l  reduce re f r igc ra 'n t  temperatures 
and  pressures.  T h i s  w i l l  pe rmi t  p roduc ing  simi lar 
re f r ige ra t ion  capacities a t  lower machine speeds 
( r p m )  a n d  lower power (steam and  e lec t r i c i t y  
requirements. ) 
It can b e  seen t h a t  f o r  va r ious  t y p e s  o f  
re f r ige ra t ion  machinery, co lder  condensing watc r  
o f f  the cool ing tower increases t h e  coef f ic ient  of 
performance. For example, a 5OF reduc t ion  to a 
rec iprocat ing compressor can resu l t  i n  a 7% in-  
crease in coeff ic ient o f  performance. T rans la t ing  
th is  to  do l lars  a n d  cents, i f  it cost $250,000.00 to 
operate the system a year ,  t h i s  5OF colder  water  
can resu l t  in a sav ings o f  almost $44,000.00 a 
year  i n  compressor opera t ing  costs since the  head 
temperatures a r e  considerably  lowered. 
Enthalpy c h a r t s  fo r  r e f r i g e r a n t s  ind icate 
tha t  fo r  e v e r y  degree o f  co lder  water  t o  t h e  
equipment, a 31% reduc t ion  in energy  input can 
be attained. ( 3 )  
If, f o r  example, t h e  re f r ige ra t ion  system 
ut i l izes $400,000.00 o f  e lec t r i c i t y  p e r  year  ( t yp ica l  
fo r  a 2,000 ton  insta l la t ion)  and  a 4OF reduct ion 
o f  cool ing tower  water  i s  obtained, t h i s  w i l l  lower 
the u t i l i t y  b i l l  b y  $56,000.00 
($400,000.00) (4)  ( .  035). With u t i l i t y  costs soar- 
ing, t h i s  sav ings w i l l  increase each year. 
The facts a re  readi ly  avai lable i n  most 
Operat ing and  Maintenance Departments t o  deter-  
mine the  cost o f  energy  used, and  the reduc t ion  
i n  water  temperature t h a t  can b e  obtained, in- 
d ica t ing  the cost  sav ings  involved.  B y  compar ing 
the cost savings as ayainst  the  r e t r o f i t  cost,  a 
payback w i l l  usual ly  occur  w i t h i n  6 months t o  a 
year  a n d  a ha l f  depending upon  the  condi t ions o f  
the cool ing tower be fo re  r e t r o f i t .  
Many au thor i t i es  p o i n t  o u t  t h a t  lower tern- 
pera tu re  cool ing tower water can p roduce  s ign i f i -  
cant  sav ings f o r  r e f r i g e r a t i o n  equipment. The  
cool ing tower p lays  one o f  t h e  k e y  ro les i n  the  
ef f ic iency o f  y o u r  a i r  condi t ion ing machines. 
Energy  consumption i s  measured in k i lowat t  h o u r  
usage and  t h i s  re f lects  eff ic iency. I f  y o u r  tower 
does n o t  create the  p r o p e r  heat  t r a n s f e r ,  y o u r  
machine w i l l  w o r k  h a r d e r  t o  compensate fo r  t h e  
loss and  inef f ic iency (4) .  F i g u r e  2 c lear ly  ind i -  
cates tha t  co lder  condensing temperatures w i l l  
improve the  performance o f  a compressor s ign i f i -  
cant ly .  Th is  can r e s u l t  i n  a substant ia l  energy  
a n d  dol lar  savings. 
The  role o f  the  cool ing tower i s  to  remove 
waste heat in the  r e f r i g e r a t i o n  o r  chemical re- 
action. The  degree o f  elevat ion o f  t h e  d ischarge  
temperature above ambient condi t ions i s  the  sum' 
o f  t h e  tower 's  approach o f  t h e  co ld  water  t o  t h e  
Wet B u l b  temperature, i.e., the  d i f fe rence  be- 
tween co ld water  and  Wet Bu lb ,  t h e  cool ing r a n g e  
(which equals t h e  temperature r i s e  in the  heat  
exchanger) ,  and  the  terminal d i f fe rence  i n  t h e  
exchanger. A reduc t ion  in opera t ing  tempera- 
ture,  always desi rab le f o r  economic reasons, may 
b e  obta ined b y  increasing the  capabi l i ty  o f  t h e  
cool ing tower's per formance (5 ) .  
REAL WORLD PRACTICALIT IES 
Due t o  the  inaccessible locat ion o f  the  
cool ing tower (usual ly  insta l led t o  conserve real  
estate o n  t h e  top  o f  a building, o r  in t h e  back-  
y a r d )  maintenance personnel  a r e  many times h a r d  
F i g u r e  2 - T h e  e f fec t  o f  condenser tempe'rature 
on  t h e  ch i l l e r  coef f ic ient  o f  per formance (COP). 
(7-1 
pressed t o  adequately serv ice t h e  equipment. 
T r a i n i n g  a n d  misplaced p r i o r i t i e s  tend  t o  
keep the  opera t ing  engineers more closely a t tuned  
t o  the  requi rements o f  t h e  compressors, conden- 
sers, a n d  evaporators  r a t h e r  t h a n  t o  t h e  q u a l i t y  
o f  co ld water  be ing  d ischarged  from the  cool ing 
tower. 
Since t h e  cool ing tower  i s  open t o  t h e  
atmosphere, it can q u i t e  read i l y  de te r io ra te  d u e  
t o  corros ion of t h e  f e r r o u s  par ts ,  a n d  
bacteriological a n d  chemical a t tack  o f  the wood. 
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Many maintenance people feel that  i f  i t  is ignored,  
it w i l l  g o  away. Bu t ,  o f  course, be ing  famil iar 
w i t h  M u r p h y ' s  Laws - th is  does n o t  happen. 
COOLIEJG TOWER MCDERNIZATION 
A g rea t  major i ty  of cool ing towers opera t ing  
today, even  though  some a r e  newly  instal led, 
have been engineered w i t h  techniques over  20 
years old, Today's technology can b e  u t i l i zed  t o  
r e t r o f i t  p rac t i ca l l y  a l l  towers a n d  upgrade  t h e i r  
capabi l i ty  o f  p roduc ing  co lder  water  o r  cool ing 
greater  volumes o f  c i r cu la t ing  water  (6) .  
L is ted below i n  ascending o r d e r  o f  cost a rc  
some o f  t h e  major components t h a t  can b e  upgrad-  
ed. I t  is axiomatic t h a t  t h e  g rea te r  the do l la r  
i n p u t ,  t h e  more r a p i d  a n d  p ro f i tab le  t h e  r e t u r n  
tha t  can b e  obtained. 
a) A i r  Handl ing - More a i r  volume resu l t s  
in b e t t e r  thermal t r a n s f e r  a n d  co lder  d is-  
charge water.  B y  p i t c h i n g  the fan blades 
u p  t o  a h i g h e r  angle, wh ich  i s  determined 
b y  the p late amperage, addi t ional  a i r  can be 
generated f o r  the  same horse  power. Veloci- 
t y  regain (VR)  V e n t u r i  
Stacks should be inves t iga ted  fo r  increasing a i r  
f low t h r o u g h  the  tower whi le reduc ing  fan motor 
horse power. 
b )  D r i f t  El iminators - Convent ional  two-pass 
wood slat he r r ingbone  o r  steel "zig-zag" 
conf igurat ions usua l l y  have  a h i g h e r  p res -  
s u r e  d r o p  than  the new PVC cel lu lar  un i t s ,  
F i g u r e  3. E y  e l iminat ing the. sol id d rop le ts  
o f  water  to  a h i g h e r  degree a n d  a t  a lower  
p ressure  loss, the  ce l lu lar  drift el iminator 
p rov ides  addi t ional  cool ing a i r  t h r o u g h  t h e  
tower f o r  co lder  temperatures. 
C )  Water D i s t r i b u t i o n  Systems - B y  insta l l -  
i n g  metered o r i f i c e  t a r g e t  nozzles i n  o lder  
crossf low towers, a more u n i f o r m  water  
p a t t e r n  i s  obta ined and  the  r e s u l t i n g  u n i f o r -  
m i t y  w i l l  improve  t h e  tower 's  performance. 
Counter f low towers w i t h  s p r a y  systems can 
b e  g r e a t l y  improved  by ins ta l l i ng  t h e  new 
square sp ray  ABS prac t i ca l l y  non-clogging 
nozzles. A n  added advantage o f  th i s  newer 
t y p e  nozzle i s  tha t  maintenance and  c leaning 
2 re  g r e a t l y  s impl i f ied due  to  upwards  o f  75% 
fewer. nozzles r e q u i r e d  than  t h e  corlvent ional 
small o r i f i ce  conical p a t t e r n  s p r a y  un i t s .  
d )  T h e  g rea tes t  improvement in per formance 
modernizat ion i s  obta ined b y  changing ou t  
the  o ld  wood sp lash bars ,  F i q u r e  6, a n d  
ins ta l l i ng  se l f -ext inguish ing PVC cel lu lar  f i lm 
fill, F i g u r e  5, together  w i t h  the  new e f f i -  
c ien t  nozzles, F i g u r e  4. 
EXAMPLES OF UPGRADING: 
Blow T h r o u g h  S q u i r r e l  Cage Tower 
The  subject  t h r e e  ce l l  metal tower h a d  a 
water  d i s t r i b u t i o n  system o f  960 small o r i f i c e  
nozzles o n  l i l t  pipe, F i g u r e  5, a n d  was opera t ing  
a t  h i g h  head temperatures. The  c logged and  
cor roded  water  d i s t r i b u t i o n  system was removed 
f rom t h e  tower and  t h e  r u s t e d  c logged steel p la te 
c o r r u g a t e d  wet d e c k i n g  fill was also disposed of .  
A f t e r  sandb las t ing  a n d  coa t ing  w i t h  mois ture 
c u r e d  urethane,  the  new s p r a y  system consis t ing 
o f  36 nozzles on  3" diameter PVC pipes was 
insta l led toge ther  w i t h  new PVC cel lu lar  fill. 
F i  u r e  3 - Lef t ,  old-fashioned h e r r i n g b o ~ e  heavy  wood slat drift e l iminators i v i k i -  ~ g h  stat ic  p ressure  loss wh ich  a r e  p r o n e  to  deter iorat ion,  p e r m i t t i n g  
sol id d rop le ts  o f  water  t o  escape. R igh t ,  modern high e f f i c iency  low p r e s s u r e  
drop.  se l f -ex t ingu ish ing  PVC cel lu lar  el iminator replacements o n  typ ica l  
crossf low tower. 
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Figure 4 - A star t l ing improvement i n  perforrnance b y  producing colder 
water o r  cooling greater volumes o f  c i rculat ing water can be obtained b y  
instal l ing cellular f i l l  and square spray non-clogging nozzles. 
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Figure 5 - By changing 388 small orifice nozzles to 36 non-clogging square 
spray type and installing cellular f i l l ,  5°F colder water was  obtained. 
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T h i s  cha r t  i l lust rates the  r ap i d  payback fo r  
conver t ing  the tower, i l l us t ra ted  in F igure  5. 
Enthalpy char ts  f o r  Freon indicate tha t  33:. o f  t h e  
electr ical energy to the compressors and  conden-. 
sers can be  saved f o r  every  1°F colder water 
( 3 ) .  The subject cool ing tower was tested i n  
accordance w i t h  t he  Cool ing Tower Ins t i tu te  
Acceptance Tes t  Code 105 which ind icated t h a t  
5°F colder water was obtained a f t e r  retrofit. 
Since the rebu i ld ing  for  colder water cost 
$38,500.00, the r e t u r n  on  the investment was 
realized in approximately 9 months w i t h  a project- 
ed  ten year  sav ings o f  close t o  $500,000.00. 
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Figure  6 - Inef f ic ient  wood f i l l  and  leaking d r i f t  el iminators were r e t r o f i t t ed  
Zt-w state of the a r t  se l f -ext inguishing PVC h i g h  heat  t rans fe r  ce l lu lar  
fill a n d  d r i f t  el iminators, which reduced the  d ischarge water temperatures b y  
!i°F, represent ing an approximate 600,000 k i lowat t  hour and $45,000 energy  
savings a t  744 Kwt l  u t i l i t y  charge. 
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Figur; 7 - The techniques, thermal, mechanical, engineering, and structural 
retro lt for all sizes of cooling towers are practically the same. The 
difference being the size and cost. 
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CONCLUSION 
I f  a re f r ige ra t ion la i r -cond i t i on ing  system i s  
operat ing marg inal ly  due to  h i g h  head tempera- 
tures,  i t  behooves the  owner and  operator  to  
invest igate the poss ib i l i t y  o f  u p g r a d i n g  t h e  ex is t -  
ing cool ing tower r a t h e r  than  insta l l ing another  
0 .E.M.  u n i t  which may o r  may n o t  the necessary 
colder water.  I t  shou ld  b e  wel l  understood tha t  
colder water can save energy  and  create a n  
operat ing p r o f i t .  Cool ing towers a re  h idden  
bonanzas for  e n e r g y  conservat ion a n d  dol lar  
savings when p r o p e r l y  engineered and  maintained, 
I n  many cases, the  l im i t i ng  factor  is the  qualit.; 
and  q u a n t i t y  o f  co ld water corning o f f  the  cool ing 
tower ( 8 ) .  
T h e  thermal u p g r a d i n y  and  s t r u c t u r ~ l  
r e t r o f i t t i n g  technology o f  a l l  t ypes  o f  coo1ir.c; 
towers i s  the  same, on ly  the  size i s  d i f f e r e n t ,  as 
i l ! us t ra ted  i n  F i g u r e  7. 
I t  would be p r u d e n t  fo r  the engineer  w i t h  
responsib i l i ty  fo r  the  e f f i c ien t  operat ion of  the  
r e f r i g e r a t i o n l a i r  condi t ion ing system t o  have  a 
professional inspect ion o f  the cool ing tower done 
b y  a consul tant  who can analyze the  energy  
savings potent ia l  o f  h i s  insta l la t ion.  In these 
days o f  h i g h  energy  costs, the sav ings accrued 
from a wel l  engineered and  r e t r o f i t t e d  cool ing 
tower bringing i t  i n t o  the  1980's can make a 
s ign i f icant  impact on  a company% p r o f i t  and  loss 
statement. 
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